This paper is aimed to study the tree line dynamics of Himalayan silver fir (Abies spectabilis D. Don) based on its tree-ring data and age stand distribution at Langtang National Park, Central Nepal. Climatic response on radial growth, recruitment of A. spectabilis and its age distribution are carried out. The average tree density of the species in the study area (total 48 plots of 20 m x 20 m) was 236 no/ha while that for sapling and seedling in the study area was 255 and 350 no/ha, respectively. The stand character and age distribution of the species showed a high level of recruitment in the recent decades, with decreased in average age along with increased altitude. Tree-growth climate relationship showed negative response with temperature of March-May. Upward advancement of tree line is expected in the coming recent decades though not necessarily uniform through the line.
Introduction
Climate change is a major concern in the Himalaya because of its negative impacts on the economy, ecology, and environment of the region including areas downstream (Schild 2007) . Studies have revealed temperature warming in Nepal with more pronounced effect at higher elevation (Shrestha et al. 1999) . The tree line, a life form boundary that limits regional tree growth irrespective of the species (Becker et al. 2007) , is applied to open canopy forest (Körner 1998) . As the tree line determines the lower boundary limits of the alpine belt, any upward shift of the tree line will restrict the overall alpine area and impacts the distribution of alpine species with a lower species affiliation (Becker et al. 2007 ). The tree line ecotones are sensitive biomonitors of past and recent climate change and variability (Kullman 1998 , Camarero & Gutiérrez 2004 and which are ideally suited for climate change monitoring (Becker et al., 2007) . Trees at tree line often respond to climatic warming with increase in recruitment or tree-density, as well as upward advances in the tree line (Bradley & Jones 1993 , Camarero & Gutiérrez 2004 . The demographic structure of a stand can provide a picture of temporal variations in the establishment rate. On the other hand, a static age structure of living trees is the expression of change in the rate of tree recruitment and mortality over time (Harcombe 1987) .
Tree-ring analysis coupled with stand age structures, climatic data and ecological attributes of individual species is an appropriate approach for understanding long-term forest or tree line dynamics (Abrams et al. 1998 , Wang et al. 2006 . In Nepal, studies have shown suitability of many trees species for dendrochronological study (Suzuki 1990 , Bhattacharyya et al. 1992 , Cook et al. 2003 , Bräuning 2004 , Sano et al. 2005 and climate reconstruction based on tree-ring analysis are have recently been established (Cook et al. 2003 , Sano et al. 2005 . However, studies on forest or tree line dynamics with climate change using tree-ring data coupled with other ecological study are limited (Bhuju et al. 2010) .
Realizing the importance of the tree line for long term monitoring, this study aims to keep geo-referenced baseline information on ecological and dendrochronological aspect of the tree line, and in particular current regeneration status, dynamics, and growth trends of Abies spectabilis at its upper distribution limit in the Langtang National Park (LNP), central Nepal Himalaya. The study also analyzed tree growth relationship and regeneration of the species. 
Methodology

Study site and species
Langtang National Park (area: 1,710 sq. km; IUCN category II) is distinguished as having high climatic and altitudinal variations (alt. 792 m -7,245 m asl) ( Fig.  1) and is also linked with Qomolongma Nature Reserve in the Tibet Autonomous Region of China. Himalayan endemic (Afganistan to Bhutan), Abies spectabilis (D.Don) Mirb, Himalayan Silver fir (locally recognized as Gobre Salla, Talis patra, Thingre salla), is a large evergreen tree which grows in the lower temperate to lower alpine zone (2,400-4,400 m) in Himalaya (Ghimire et al. 2008) . The trees are characterized by low branching with dense foliage. In Nepal it is found in west central and eastern (WCE) region. In its upper distribution limits, it is usually associated with Betula Narayan P. Gaire et al./Dynamics of Abies...... utilis and Rhododendron campanulatum which distribute up to the treeline limit (Ghimire et al. 2008 (Fig. 1 ).
Ecological and tree-core sampling and data analysis
Field study was carried out on August to September of 2007. Each individual of the tree species were enumerated into three height classes: trees (> 2 m), saplings (0.5-2 m) and seedlings (< 0.5 m) following classification used in previous studies (Wang et al. 2006 , Kullman 2007 . Sampling was carried out in four rows at 50m elevation intervals: at Abies tree line, above the tree line, and two below the tree line. In addition, the age of representative seedlings and saplings was determined by counting the number of branch whorls and bud scars on the main stem (Wang et al. 2006) .
Tree cores of A. spectabilis were collected from the sampling plots by using the Swedish increment borer. Two hundred and twelve cores from 106 trees were collected from the three sites for the analysis and sampling trees was tagged by using permanent plastic plant tags and GPS (e-Trex) record was kept for the references. Collected cores were air dried and glued into grooved sticks with the transverse surface facing up. The surface of cores were cut with the help of sharp razor blade and polished with different grade of sand paper ranging from 100 to 400 grits until optimal surface resolution allowed annual rings to be visible under the microscope. Each ring of the cores was counted and cross dated using skeleton method (Stokes & Smiley 1968) . After dating the tree-ring sequences to exact calendar year of their formations, the width of each ring was measured to the nearest 0.01 mm precision with LINTAB TM measuring system attached to PC.
The quality of dating of each sample was checked using a computer program, COFECH (Holmes 1983) . This program checks the error in cross dating due to measurement and other ring width irregularities that might decreases the efficiency of ring-width time series for the tree-ring analysis. The cores that were poorly correlated with the mean chronology or had low correlation, were rechecked and either corrected or eliminated. The corrected ring-width data were standardized using the computer program, ARSTAN (Cook 1985) . It removes growth trends related to age and stand dynamics and retained maximum common signal. The ring-width series were standardized using double detrending methods. First, a negative exponential curve or linear trend was fitted to each series, and secondly 30 year's cubic smoothing spline with a 50% frequency cutoff. Each ring-width-index series was then prewhitened using autoregressive (AR) modeling, to remove any autocorrelation effects (Cook 1987) . Finally, three version of chronologies viz. standard, residual and arstan chronologies have been prepared using corrected sample. Various chronologies statistics were also calculated. Correlation analysis was carried out to calculate the tree growth / climate relationship in the software SPSS.
A regression model of DBH and age was developed to estimate the age of all trees from which increment cores was not collected. The ages from 82 trees were used to form age vs. DBH regression model. In the regression model only those cores which contain both pith and bark were selected. A decade was added to the age of each tree to correct the age for sampling height on the basis of age of seedling and sapling. The regeneration rate or establishment rate was determined using the number of seedling, sapling and tree along with age histogram of tree individuals. Based on the seedling and the sapling densities, the regeneration condition of the forest along the altitude was determined. Dynamics of A. spectabilis on its upper limit was analyzed by observing the elevation wise distribution of tree, sapling, and seedling densities as well as using the total tree age histogram and elevation wise age distribution. The meteorological station nearest to the study area LNP was Kyanjing (3,920m asl) in Rasuwa district. Available data (1988 Available data ( to 2007 showed that average monthly total rainfall was maximum in August (172.76 mm) followed by July (171.14 mm) and the minimum was in December (2.57 mm) (Fig.2) . There was 0.163 0 C per year increment in the winter minimum temperature and the increment was statistically significant (r=0.51, p<0.02). There was an increment on annual total rainfall by a rate of 10.73mm per year, this increment was statistically significant (r=0.49, p<0.03).
Results and Discussion
Site chronology of Abies spectabilis and Tree growth-climate relationship analysis (Fig. 3) . Various chronologies statistics were calculated for the time span of AD 1789-2007 and also for the common period of all series (AD 1931 (AD -2007 of Abies chronology to describe site chronologies. A species with a low autocorrelation, a high mean sensitivity and a high standard deviation has good potential for dendroclimatological studies (Fritts 1976 ).
The statistical characteristics of the tree-ring series are shown in Table 1 . Mean sensitivity is a measure of the relative difference in width between consecutive rings (Fritts 1976) . Possible values range from 0 (indicating no change in ring width from one year to the next) to 2 (indicating a missing ring), with high mean sensitivity measurements interpreted as an indication that the ring-width series may have dendroclimatological utility (Fritts 1976) . In the present study the value of mean sensitivity was 0.084 and 0.102 for standard and residual chronology, respectively (Table 1 ). In the present chronology the value of first order autocorrelation in standard chronology is 0.465. The values of First-order autocorrelation have been decreased (0.034) after applying AR modeling. Mean series correlation within trees, between trees and among all the radii is calculated. The values of mean correlation within tree in both standard and residual chronology are high (0.578 and 0.592 respectively) as compare to mean correlation between tree and among all radii (Table 1 ). Expressed population signal (EPS) is an indication of how well the site chronology estimates the population chronology (Wigley et al. 1984 ). An EPS of 0.85 (i.e., 85%) is suggested as threshold limit (Wigley et al. 1984) and it exceeds here in both standard and residual chronology (0.975 and 0.978 respectively) ( Table  1 ). Signal to Noise ratio is a measure of the common variance in a chronology scaled by a measure of the total variance of the chronology. Signal to Noise ratio in standard chronology is 38.263. The values of this have been increased (43.962) after applying AR modeling (Table 1 ).
The tree growth climate relationship based on the correlation analysis shows significant negative correlation with temperature of current year MarchApril and October of previous year (Fig. 4) . Negative correlation with May temperature of the current year is also noticed but significant level is low in comparison to March-April temperature. The relationship was again carried out with the seasonal pre-monsoon temperature (i.e., March-May temperature) and found significantly negative correlation at p<0.05. Similar response are also recorded in tree-ring work carried out in other region of Nepal viz. western Nepal (Sano et al. 2005 ) and central Nepal (Chhetri & Thapa 2010) . No significant correlation is observed with precipitation. The negative relationship with the premonsoon temperature may cause the increase in evapo-transpiration which leads to soil-moisture deficit and limits the tree-growth.
Due to the lack of sufficient data at nearby station from study site, climate data (mean temperature and total monthly precipitation) of Kathmandu airport (alt. 1,324 m; location 27º.702 N: 85º.202 E) was used to derive tree-growth climate relationship. Summary of different structural parameters (density of tree, sapling, and seedling and canopy coverage) of A. spectabilis in three sites are given in Table 2 . The average basal area was found to be 9.83m 2 per ha, 9.4m 2 per ha and19.2 m 2 per ha in site A, B and C respectively. Tree density for the three sites was found to be 172, 277 and 257 no/ha, respectively. The mean DBH was found 20.6cm. Some dead or damaged trees were also recorded which accounted 2 no/ ha with basal area 0.22 m 2 per ha. The average tree density was 236 no per hectare and which was 172, 277 and 257 no/ha, respectively for site A, B and C. Similarly sapling density was found 272, 265 and 228 no/ha whereas, seedling densities was 315, 479, 256 no /ha, respectively for site A, B and C. The canopy coverage of tree species is 38.35, 27.9, 42.5 %, respectively, for site A, B and C. There was a general trend that tree canopy cover decreased with an increase in elevation. The elevation wise distribution of tree, sapling and seedling densities was presented in Figs.5a-c. In general there was negative relationship of tree, seedling, and seedling densities with elevation. All tree, sapling and seedling densities were decreased with increasing elevation (Fig. 5a-c) , the decrease was statistically significant. However, there was some site specific variation on seedling and sapling density. The observed Abies tree density is higher than that from tree line and lower than timberline of Sagarmatha region (Bhuju et al. 2010 ) which might be due to lower elevation of present tree line and/or higher regeneration of tree. Though spatial heterogeneity in tree densities in studied sites, there was a decreasing trend of tree density with elevation, which is consistent with the finding of studies from treeline ecotones of the Nepal Himalaya: in trans-Himalaya (Shrestha et al. 2007) , central (Suwal 2009 ) and Eastern Himalaya (Bhuju et al. 2010) . The basal area ratio of the present studied tree line is less than the basal area ratio reported from trans-Himalayan treeline (Shrestha et al. 2007 ) and higher than treeline ecotone of Sagarmatha region (Bhuju et al. 2010) . Average seedling density (350 no/ ha) of A. spectabilis was higher than that of sapling (255 no/ha), which is a normal demographic development (Vetaas 2000) , and is similar to the result of a study from Manang . The seedling and sapling ratio of tree species shows no general trend with elevation in all sites but in site A there was trend of increasing proportion of seedling with increasing elevation.
Regeneration and treeline dynamics of Abies spectabilis
Regeneration of canopy dominants trees can be assessed by the distribution of size-classes measured as diameter at breast height (West et al., 1981) . The diameter class distribution of the Abies spectabilis in this study showed an inverse J-shape (Fig. 6 ) which is indication regeneration (Vetaas 2000) . The size class 5-10cm consists of maximum number of individuals. However, class <5cm consists less individuals which is due to height criteria taken to separate individual as tree, sapling and seedling. In a similar study of A. spectabilis from Sagarmatha region a bell-shaped and an inverse J-shaped diameter distribution was observed at tree line and timberline (Bhuju et al. 2010) . In individual class level, there were some clefts indicating tree cutting or other damage at times or episodic recruitment of trees.
A regression analysis model between DBH and age of Abies was established. The correlation between age and DBH of trees was positive and statistically significant (n =82, r = 0.732, p < 0.0001) (Fig. 7) , and this relationship was used to estimate the age of all Abies trees which were not analyzed dendrochronologically. Similar to the DBH frequency distribution, the age-frequency of A. spectabilis also displayed an inverse J-shaped distribution (10-year intervals) (Fig.8) . Age histograms for A. spectabilis showed that trees could be dated back to the late eighteenth century and was dominated by young individuals. Up to late nineteenth century (before1900s) establishment was seemed very poor with old individuals (>100 years) accounting for only 2% of the total population. The majority of trees (>80%) were established after 1950s. There was gap in age distribution in many age classes that might be due to disturbance in past or episodic recruitment of individuals. The maximum age of sampled saplings (<2m) was 17 years and maximum age of sampled seedlings (<0.5m) was 12 years. The age of sapling and seedling was not included in this age distribution histogram. Average age of A. spectabilis was decreased with increasing altitude. The age distribution of this study was similar with stand age distribution observed in tree line ecotone of Eastern Nepal (Bhuju et al. 2010) . If the age of sapling and seedling included in the age distribution then the percentage of young individual further increase because sum of the number of sapling and seedling stems was much higher than recorded total number of trees. The result based on stand character, is similar to studied carried out in other sites (Kullman 2007 , Bhuju et al. 2010 . Tree establishment at the tree line ecotone may be controlled by local micro-environmental factors and episodic climatic events, leading to years of either low or high mortality (Szeicz & Macdonald 1995) . Sapling and seedling distribution of Abies was spatially heterogeneous. Spatial heterogeneity in sapling and seedling distribution may be determined by light availability caused by canopy cover, inability of seedling to grow in its upper distribution limit, soil conditions, etc. Irrespective of sites, in present study there was significant positive linear relationship between seedling density with the tree canopy cover (r=0.44, p<0.002)) and between sapling and tree canopy (r=0.47, p<0.001). A dense krummholz-belt can provide shelter against the harsh tree line environmental conditions like strong wind and abrasion by ice, low temperature (Hadley & Smith 1987) , however, in this area such dense krummholz-belt is not present. The strong relation of saplings with canopy might be due to its shelter against snow fall damage because for seedlings canopy coverage of saplings also provides shelter against damage by snow fall at winter. The heterogeneous distribution of seedling and sapling may be linked with canopy cover as also observed by Shrestha et al. (2007) .
The upward shift of tree line is almost globally accepted phenomenon, although the magnitude and rate of advancement, population growth and stand densification vary on local environmental conditions (Meshinev et al. 2000 , Kullman 2001 , Suwal 2009 ). Some tree line individuals can persist for decades to centuries during harsh climatic periods and respond with an accelerated vertical growth in response to improved climatic conditions and if the climatic threshold is exceed due to an extreme climatic event like severe frost or intense warming tree line shifts could result (Camarero & Gutiérrez, 2004) . In this study, importantly, some seedlings and saplings were persisted at much higher elevation position than the cone bearing tree individuals, probably, indicating upward migration with temperature increase in recent past. Hence, though there is heterogeneous distribution of sapling and seedling, high recruitment of A. spectabilis in recent decades as well as decrease of average age with increasing altitude, the upward advancement of upper limit of this species during recent decades can be anticipated. This might be facilitated by increased winter minimum temperature leading to early melting of snow in the study area.
This present study documented the recruitment dynamics and tree ring data of Abies spectabilis at the tree line of the high mountains of Langtang National Park, the Nepal Himalaya. In spite of short period's data from local stations, the available climatic data document climatic warming in recent years. The stand character and age distribution showed there was high level of recruitment of A. spectabilis in the recent decades with decrease in average age with increasing altitude, so the upward advancement of upper limit of this species can be expected. To quantify the rate of dynamics or shifting of treeline with climate change, careful, a long term and detail study of different climatic, ecological and dendrochronological aspect is necessary for which present study will be reference information.
